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MACHINE MODEL ESTIMATING DEVICE 
OF ELECTRIC MOTOR CONTROL 

APPARATUS 

TECHNICAL FIELD 

The present invention relates to a machine model esti 
mating device of an electric motor control apparatus Which 
can faithfully estimate a machine model to be easily utiliZed 
for a simulation and a servo regulation by automatically 
reading an anti-resonance frequency, a resonance frequency 
and an attenuation from a frequency characteristic measured 
value Without using an expensive measuring apparatus even 
if an operator has neither advanced expertise nor 
experiences, and is inexpensive. 

BACKGROUND ART 

Conventionally, an electric motor control apparatus to be 
used in a semiconductor manufacturing apparatus, a posi 
tioning apparatus such as a machine tool or an industrial 
robot is constituted as shoWn in FIG. 15. 

FIG. 15 is a vieW shoWing the Whole structure of the 
electric motor control apparatus according to the conven 
tional art, and description Will be given by taking a posi 
tioning apparatus as an example. 

In the draWing, 2 denotes a servo control device, 3 denotes 
a rotation detector, 4 denotes an electric motor, 5 denotes a 
transmitting mechanism, 6 denotes a movable section, and 7 
denotes a non-movable section. In this case, the transmitting 
mechanism 5 and the movable section 6 Which constitute a 
load machine indicate a ball screW and a table respectively, 
and the non-movable section 7 indicates a base. Moreover, 
8 denotes an operation command signal, 9 denotes a rotation 
detector signal, and 10 denotes a control signal. 
Furthermore, 17 denotes a signal generator and 18 denotes 
an FFT analyZer, and both of them grasp the frequency 
characteristic of the load machine and are used for devices 
required for the servo regulation of the control apparatus. 

In such an electric motor control apparatus, ?rst of all, the 
signal generator 17 outputs the operation command signal 8 
and the operation command signal 8 is then sent to the servo 
control device 2. Next, the operation command signal 8 
input to the servo control device 2 is sent as the control 
signal 10 to the electric motor 4, and operates the movable 
section 6 through the transmitting mechanism 5 by the 
rotating force of the electric motor 4. Thereafter, the rotation 
detector 3 sends the rotation detector signal 9 of the electric 
motor 4 to the FFT analyZer 18 through the servo control 
device 2. Subsequently, the FFT analyZer 18 carries out a 
fast Fourier calculation by using the operation command 
signal 8 received from the signal generator 17 and the 
rotation detector signal 9 received from the servo control 
device 2 and then calculates a frequency characteristic, and 
decides the characteristic of the load machine from the result 
of the calculation. 

In the conventional art, hoWever, the expensive FFT 
analyZer 18 is required for measuring the frequency char 
acteristic of the load machine. Therefore, there is a problem 
in that the cost of equipment is increased. In order to decide 
the frequency characteristic measured by the FFT analyZer 
18, moreover, an operator requires advanced expertise and 
experiences for reading a resonance frequency, an anti 
resonance frequency and an attenuation. For this reason, 
there is a problem in that time and labor are taken. 
When the servo regulation of the electric motor control 

apparatus is to be carried out, therefore, there has been 
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2 
required an apparatus capable of automatically reading an 
anti-resonance frequency, a resonance frequency and an 
attenuation from a frequency characteristic obtained by an 
actual measurement and modeling the characteristic of a 
machine Which can be utiliZed for the simulation and the 
servo regulation of the control apparatus. 
The invention has been made in order to solve the 

problems and has an object to provide a machine model 
estimating device of an electric motor control apparatus 
Which can estimate a machine model to be easily utiliZed for 
a simulation and a servo regulation by automatically reading 
an anti-resonance frequency, a resonance frequency and an 
attenuation from a frequency characteristic measured value 
Without using an expensive measuring apparatus even if an 
operator has neither advanced expertise nor experiences, and 
is inexpensive. 

DISCLOSURE OF THE INVENTION 

In order to solve the problems, a ?rst aspect of the 
invention is directed to a machine model estimating device 
of an electric motor control apparatus comprising an electric 
motor for driving a load machine, a rotation detector for 
detecting a rotating angle of the electric motor, and a servo 
control device for controlling the electric motor, comprising 
a calculating device for outputting an operation command 
signal for operating the electric motor to the servo control 
device, and frequency characteristic equations for a rigid 
body model and an N-inertia model (N is an integer Which 
is equal to or greater than 2) Which are previously input to 
the calculating device, Wherein the calculating device 
includes a frequency characteristic measuring section for 
measuring a frequency characteristic from the operation 
command signal and a signal of the rotation detector input 
from the servo control device to the calculating device, a 
frequency characteristic peak detecting section for automati 
cally calculating protruded shapes to be a resonance fre 
quency and an anti-resonance frequency from a shape of the 
frequency characteristic measured by the frequency charac 
teristic measuring section, an attenuation estimation value 
analyZing section for estimating an attenuation from the 
resonance frequency and the anti-resonance frequency 
Which are detected by the frequency characteristic peak 
detecting section, a frequency characteristic error calculat 
ing section for calculating errors of the frequency charac 
teristics calculated in the frequency characteristic equation 
for the N-inertia model and the frequency characteristic 
equation for the rigid body model from the frequency 
characteristic obtained by the measurement respectively, and 
a machine model deciding section for comparing a minimum 
error of a calculated value of the frequency characteristic of 
the N-inertia model Which is obtained in the frequency 
characteristic error calculating section and a measured value 
With a minimum error of a calculated value of the frequency 
characteristic of the rigid body model and a measured value 
and deciding, as an actual model, either of the models Which 
has a smaller error. 

Moreover, a second aspect of the invention is directed to 
the machine model estimating device of an electric motor 
control apparatus according to the ?rst aspect of the 
invention, Wherein the frequency characteristic error calcu 
lating section carries out curve ?tting of the frequency 
characteristic obtained from the operation command signal 
and the signal of the rotation detector to the frequency 
characteristic equation, thereby calculating an error of the 
calculated value of the frequency characteristic and the 
measured value. 

Furthermore, a third aspect of the invention is directed to 
a machine model estimating device of an electric motor 
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control apparatus comprising an electric motor for driving a 
load machine, a vibration detector for detecting a vibration 
of the load machine, and a servo control device for control 
ling the electric motor, comprising a calculating device for 
outputting an operation command signal for operating the 
electric motor to the servo control device, and frequency 
characteristic equations of a rigid body model and an 
N-inertia model (N is an integer Which is equal to or greater 
than 2) Which are previously input to the calculating device, 
Wherein the calculating device includes a frequency char 
acteristic measuring section for measuring a frequency char 
acteristic from the operation command signal and a signal of 
the vibration detector input from the servo control device to 
the calculating device, a frequency characteristic peak 
detecting section for automatically calculating protruded 
shapes to be a resonance frequency and an anti-resonance 
frequency from a shape of the frequency characteristic 
measured by the frequency characteristic measuring section, 
an attenuation estimation value analyZing section for esti 
mating an attenuation from the resonance frequency and the 
anti-resonance frequency Which are detected by the fre 
quency characteristic peak detecting section, a frequency 
characteristic error calculating section for calculating errors 
of the frequency characteristics calculated in the frequency 
characteristic equation for the N-inertia model and the 
frequency characteristic equation for the rigid body model 
from the frequency characteristic obtained by the measure 
ment respectively, and a machine model deciding section for 
comparing a minimum error of a calculated value of the 
frequency characteristic of the N-inertia model Which is 
obtained in the frequency characteristic error calculating 
section and a measured value With a minimum error of a 
calculated value of the frequency characteristic of the rigid 
body model and a measured value and deciding, as an actual 
model, either of the models Which has a smaller error. 

In addition, a fourth aspect of the invention is directed to 
the machine model estimating device of an electric motor 
control apparatus according to the third aspect of the 
invention, Wherein the frequency characteristic error calcu 
lating section carries out curve ?tting of the frequency 
characteristic obtained from the operation command signal 
and the signal of the vibration detector to the frequency 
characteristic equation, thereby calculating an error of the 
calculated value of the frequency characteristic and the 
measured value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing the Whole structure of an electric 
motor control apparatus comprising a machine model esti 
mating device according to a ?rst embodiment of the inven 
tion. 

FIG. 2 is a block diagram shoWing the structure of a 
calculating device according to the ?rst embodiment. 

FIG. 3 is a How chart related to the measurement of a 
frequency characteristic in a procedure for the calculating 
operation of the calculating device according to the ?rst 
embodiment. 

FIG. 4 is a How chart related to an operation for deciding 
a machine model based on the frequency characteristic value 
thus measured in the procedure for the calculating operation 
of the calculating device according to the ?rst embodiment. 

FIG. 5 is a vieW schematically shoWing a rigid body 
model. 

FIG. 6 is a vieW schematically shoWing a 2-inertia model. 
FIG. 7 is a chart shoWing an eXample of the frequency 

characteristic of the rigid body model according to the ?rst 
embodiment. 
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4 
FIG. 8 is a chart shoWing an eXample of the frequency 

characteristic of the 2-inertia model according to the ?rst 
embodiment. 

FIG. 9 is a chart shoWing an eXample of a curve ?tting 
result of a rigid body model type according to the ?rst 
embodiment. 

FIG. 10 is a chart shoWing an eXample of a curve ?tting 
result of a 2-inertia model type according to the ?rst embodi 
ment. 

FIG. 11 is a chart shoWing an eXample of the curve ?tting 
result of the 2-inertia model type having a great error 
according to the ?rst embodiment. 

FIG. 12 is a chart shoWing an eXample of an un?tness to 
the curve ?tness of the rigid body model type according to 
the ?rst embodiment. 

FIG. 13 is a chart shoWing an eXample of an un?tness to 
the curve ?tness of the 2-inertia model type according to the 
?rst embodiment. 

FIG. 14 is a vieW shoWing the Whole structure of an 
electric motor control apparatus comprising a machine 
model estimating device according to a second embodiment 
of the invention. 

FIG. 15 is a vieW shoWing the Whole structure of an 
electric motor control apparatus according to the conven 
tional art. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Embodiments of the invention Will be described beloW 
With reference to the draWings. 

[First Embodiment] 
FIG. 1 is a vieW shoWing the Whole structure of an electric 

motor control apparatus comprising a machine model esti 
mating device according to a ?rst embodiment of the 
invention, and FIG. 2 is a block diagram shoWing the 
structure of a calculating device. The same components of 
the invention as those in the conventional art have the same 
reference numerals and description thereof Will be omitted, 
and furthermore, only differences Will be described. 

In the draWing, 1 denotes a calculating device, 1A denotes 
a frequency characteristic measuring section, 1B denotes a 
frequency characteristic peak detecting section, 1C denotes 
an attenuation estimation value analyZing section, 1D 
denotes a frequency characteristic error calculating section, 
1E denotes a machine model deciding section, 19 denotes an 
input device, 20 denotes a frequency characteristic equation, 
and 21 denotes an output device. 
The invention is different from the conventional art as 

folloWs. 
More speci?cally, there are provided the calculating 

device 1 for outputting, to a servo control device 2, an 
operation command signal 8 to operate an electric motor 4, 
and the frequency characteristic equations 20 for a rigid 
body model and a 2-inertia model Which are previously 
input to the calculating device 1. 

Moreover, the calculating device 1 includes the frequency 
characteristic measuring section 1A for measuring the fre 
quency characteristic of a load machine from the operation 
command signal 8 and a signal 9 of a rotation detector 3 
Which is input from the servo control device 2 to the 
calculating device 1, the frequency characteristic peak 
detecting section 1B for automatically calculating protruded 
shapes to be a resonance frequency and an anti-resonance 
frequency from a shape of the frequency characteristic 
measured by the frequency characteristic measuring section 
1A, the attenuation estimation value analyZing section 1C 
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for estimating an attenuation from the resonance frequency 
and the anti-resonance frequency Which are detected by the 
frequency characteristic peak detecting section 1B, the fre 
quency characteristic error calculating section 1D for cal 
culating errors of the frequency characteristics calculated in 
the frequency characteristic equation 20 for the 2-inertia 
model and the frequency characteristic equation 20 for the 
rigid body model from the frequency characteristic obtained 
by the measurement respectively, and the machine model 
deciding section 1E for comparing a minimum error of a 
calculated value of the frequency characteristic of the 
2-inertia model Which is obtained in the frequency charac 
teristic error calculating section 1D and a measured value 
With a minimum error of a calculated value of the frequency 
characteristic of the rigid body model and a measured value 
and deciding, as an actual model, either of the models Which 
has a smaller error. 

Furthermore, the frequency characteristic error calculat 
ing section 1D carries out curve ?tting of the frequency 
characteristic obtained from the operation command signal 
8 and the signal 9 of the rotation detector 3 to the frequency 
characteristic equation 20, thereby calculating an error of the 
calculated value of the frequency characteristic and the 
measured value. 

Next, an operation Will be described. 
FIG. 3 is a How chart related to the measurement of a 

frequency characteristic in a procedure for the calculating 
operation of the calculating device according to the ?rst 
embodiment, and FIG. 4 is a How chart related to an 
operation for deciding a machine model based on the 
frequency characteristic value thus measured in the proce 
dure for the calculating operation of the calculating device 
according to the ?rst embodiment. 

The procedure for the calculating operation of the calcu 
lating device 1 is divided into steps ST1 to ST5 for mea 
suring a frequency characteristic (FIG. 3) and steps ST6 to 
ST11 for comparing a model based on the frequency char 
acteristic equation 20 With a measured frequency character 
istic to model the characteristic of a machine (FIG. 4). 

The processings of the steps ST4 and ST5 correspond to 
the frequency characteristic measuring section 1A of the 
calculating device 1 shoWn in FIG. 2, and the processings of 
the steps ST6 and ST7 correspond to the frequency charac 
teristic peak detecting section 1B. Moreover, the processing 
of the step STS corresponds to the attenuation estimation 
value analyZing section 1C, the processings of the steps ST9 
and ST10 correspond to the frequency characteristic error 
calculating section 1D, and the processing of the step ST11 
corresponds to the machine model deciding section 1E. 

First of all, the measurement of the frequency character 
istic in the steps ST1 to ST5 Will be described With reference 
to FIG. 3. 

At the step ST1, ?rst of all, the calculating device 1 
creates the operation command signal 8. 
At the step ST2, next, the operation command signal 8 

output from the calculating device 1 is transferred to the 
servo control device 2. Consequently, an equivalent control 
signal 10 to the operation command signal 8 is sent to the 
electric motor 4 and the electric motor 4 is operated so that 
a movable section 6 is operated through a transmitting 
mechanism 5 and generates a vibration. 
At the step ST3, then, the rotation detector 3 detects the 

rotation detector signal 9 in the rotating operation of the 
electric motor 4 and transfers the rotation detector signal 9 
to the calculating device 1 via the servo control device 2. 
At the step ST4, thereafter, ah FFT calculation is carried 

out over the operation command signal 8 and the rotation 
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6 
detector signal 9 by the calculating device 1, thereby per 
forming a frequency analysis, for example. 
At the step ST5, a frequency characteristic is calculated 

from the operation command signal 8 and the rotation 
detector signal 9 Which are subjected to the frequency 
analysis in the calculating device 1. By these processings, 
the frequency characteristic is completely measured. 

Next, description Will be given to the modeling of the 
machine characteristic at the steps ST6 to ST11. 

Referring to the modeling of the machine characteristic, 
?rst of all, a division into the rigid body model and the 
2-inertia model can be carried out as shoWn in FIGS. 5 and 
6, respectively. 

FIG. 5 is a vieW schematically shoWing the rigid body 
model. More speci?cally, the electric motor 4, the transmit 
ting mechanism 5 and the movable section 6 shoWn in FIG. 
1 are caused to approximate to a simple rigid body load 11 
(J 1+J2). Moreover, FIG. 6 is a vieW schematically shoWing 
the 2-inertia model. More speci?cally, the electric motor 4, 
the transmitting mechanism 5 and the movable section 6 
shoWn in FIG. 1 are caused to approximate to the 2-inertia 
model by tWo boxes having an electric motor side load 12 
(J 1) and a load side load 13 (J2), and a spring 14a (K: spring 
constant) and an attenuation 14b (D: attenuation constant) 
connecting the tWo boxes 12 and 13. The rigid body load 11 
is equivalent to (J 1+J2) to be the sum of the electric motor 
side load 12 and the load side load 13. 

In the rigid body model shoWn in FIG. 5, a model 
equation for a frequency characteristic Hr from the operation 
command signal 8 to the rotation detector signal 9 is 

obtained as shoWn in Equation Hr : 1 Equation (1) 

(J1 + J2) '5 

In the 2-inertia model shoWn in FIG. 6, moreover, a model 
equation for a frequency characteristic Hf from the operation 
command signal 8 to the rotation detector signal 9 is 
obtained as shoWn in Equation 

D Equation (2) 
S2 — - — 

In order to approximate to the rigid body model, it is 
suf?cient that the sum (J 1+J2) of the rigid body load 11 or 
the electric motor side load 12 and the load side load 13 is 
clear. 

In order to approximate to the 2-inertia model, moreover, 
it is suf?cient that the electric motor side load 12 (J 1) and the 
load side load 13 (J2), and the spring constant K and the 
attenuation constant D are clear. 

FIG. 7 is a chart shoWing an example of the frequency 
characteristic of the rigid body model according to the ?rst 
embodiment and FIG. 8 is a chart shoWing an example of the 
frequency characteristic of the 2-inertia model according to 
the ?rst embodiment, and both of them are charts shoWing 
a calculation using model equations. 
The Equation (1) for the rigid body model represents a 

gain characteristic Which is smooth, rightWard and doWn 
Ward as shoWn in FIG. 7, While the Equation (2) for the 
2-inertia model represents a gain characteristic having a 
protruded shape, that is, a mountain and a valley as shoWn 
in FIG. 8. The valley and mountain sides shoWn in FIG. 8 are 
referred to as an anti-resonance and a resonance 

respectively, and an anti-resonance frequency FL and a 
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resonance frequency FH can approximate to Equations (3) 
and (4) from the Equation (2) respectively. 

1 K Equation (3) 

Equation (4) 

f“? “(T21 

In this case, the rightward and doWnWard inclination of a 
loW frequency region in FIG. 8 can approximate to the 
Equation 

For this reason, the sum (J1+J2) of the anti-resonance 
frequency FL, the resonance frequency FH, the electric 
motor side load 12 and the load side load 13 is clear and an 
approximation to the 2-inertia model can be carried out. 

Moreover, the sum (J1+J2) of the electric motor side load 
12 and the load side load 13 can be calculated by the 
dimension and physical characteristic of the load machine. 
If (J1+J2) is previously calculated, furthermore, it can be 
input in the input device 19 connected to the calculating 
device 1 (described in INERTIA IDENTIFYING METHOD 
AND AUTOTUNING: VOL. 62, NO. 4, Technical Report 
“YASKAWA ELECTRIC CORPORATION”, for example). 
From the foregoing, it is possible to compare the mea 

sured frequency characteristic With the Equations (1) and 
(2), thereby deciding Whether either the rigid body model or 
the 2-inertia model is suitable. 

FIG. 9 is a chart shoWing an example of the curve ?tting 
result of the rigid body model type according to the ?rst 
embodiment and FIG. 10 is a chart shoWing an example of 
the curve ?tting result of the 2-inertia model type according 
to the ?rst embodiment. In the draWing, a solid line indicates 
a measured value and a broken line indicates a curve ?tting 
result. 

Since a frequency characteristic changed smoothly from a 
left and upper portion toWard a right and loWer portion 
represents a measurement result in FIG. 9, curve ?tting can 
be carried out With a small error from the graph of the 
Equation On the other hand, since a frequency charac 
teristic having a plurality of valleys and mountains repre 
sents a measurement result in FIG. 10, the curve ?tting can 
be carried out With a small error from the graph of the 
Equation 

Aprocessing of modeling a machine characteristic Will be 
executed beloW by using the steps ST6 to ST11 in the How 
chart of FIG. 3. 

At the step ST6, ?rst of all, a peak on a mountain side and 
a peak on a valley side are calculated from the frequency 
characteristic measured at the step ST5. For a method of 
calculating the peak, it is preferable to use a complex 
spectrum interpolating method and a smoothing differentia 
tion method Which are Well-knoWn. 

If the peak on the mountain side and the peak on the valley 
side cannot be detected at the step ST7, next, the model can 
be decided to be a rigid body and the parameter of the rigid 
body can be determined by only a load inertia to be the sum 
(J1+J2) of the electric motor side load 12 and the load side 
load 13. If the peak can be detected at the step ST7, the 
processing proceeds to the step STS in Which an attenuation 
can be estimated based on a Well-knoWn attenuation esti 
mating method by using the frequency of the peak thus 
detected. 

If the sum (J1+J2) of the electric motor side load 12 and 
the load side load 13 is undecided, moreover, the load inertia 
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8 
(J 1+J2) may be calculated, by a least square method using 
the Equation (1), from the loW frequency region of the 
measured frequency characteristic Which is loWer than the 
peak on the valley side. 

If a plurality of peaks can be detected, furthermore, a 
plurality of combinations to be a pair of the peak on the 
mountain side and the peak on the valley side is set and 
created. 
At the step ST9, then, the combination to be a peak pair 

Which is set temporarily is subjected to curve ?tting by the 
frequency characteristic equation 20 for the 2-inertia model 
input previously to the calculating device 1, that is, the 
Equation (2), thereby calculating an error of the Equation (2) 
and the measured value. 

Errors of results obtained by the curve ?tting and the 
measured frequency characteristics are calculated by using 
the combinations of the peaks, respectively. 

Since the load inertia (J1+J2), a pair of the peak on the 
mountain side and the peak on the valley side, that is, a 
resonance and an anti-resonance frequency, and an attenu 
ation are clear, it is possible to carry out the curve ?tting by 
substituting each value for the Equation (2) to be one of the 
frequency characteristic equations 20 input to the calculating 
device 1. 
Any of the combinations Which has a small error from the 

result obtained by the curve ?tting makes a set of the peak 
on the mountain side and the peak on the valley side Which 
is optimum for the 2-inertia model. 

FIG. 11 is a chart shoWing an example of the curve ?tting 
result of the 2-inertia model type having a great error 
according to the ?rst embodiment. In the draWing, a solid 
line indicates a measured value and a broken line indicates 
a curve ?tting result. 

For example, a set of the resonance and the anti-resonance 
shoWn in FIG. 10 has a small error, While a set of the 
resonance and the anti-resonance shoWn in FIG. 11 has a 
great error. Therefore, it is clear that the set of FIG. 10 is 
optimum for the resonance and the anti-resonance in the 
2-inertia model. 
At the step ST10, also in the case in Which the peak is 

detected, an error of the result obtained by the curve ?tting 
to the rigid body model and the measured frequency char 
acteristic is calculated by the Equation (1) to be one of the 
frequency characteristic equations 20 input to the calculating 
device 1. 
At the step ST11, next, the minimum error of the 2-inertia 

model is compared With the error of the rigid body model. 
If the error of the rigid body model is small, a decision of the 
rigid body model can be made. If the error of the 2-inertia 
model is small, a decision of the 2-inertia model can be 
made. In other Words, it is possible to compare the error of 
the Equation (2) and the measured frequency characteristic 
With the error of the Equation (1) and the measured fre 
quency characteristic, thereby deciding Which error is 
smaller and Which model is optimum in the modeling for the 
Equation (1) and the Equation 

FIG. 12 is a chart shoWing an example of an un?tness to 
the curve ?tting of the rigid body model type according to 
the ?rst embodiment and FIG. 13 is a chart shoWing an 
example of an un?tness to the curve ?tting of the 2-inertia 
model type according to the ?rst embodiment. In the 
draWing, a solid line indicates a measured value and a 
broken line indicates a curve ?tting result. 

While the measured value of the frequency characteristic 
in FIG. 12 has a plurality of valleys and mountains, for 
example, the curve ?tting is carried out in the Equation (1) 
for the rigid body model so that an error is great. As shoWn 
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in FIG. 10, however, the error is small in the Equation (2) for 
the 2-inertia model. Therefore, a decision of the 2-inertia 
model can be made. 

While the frequency characteristic changed smoothly 
from a left and upper portion toWard a right and loWer 
portion represents a measurement result, moreover, the 
curve ?tting is carried out in the Equation (2) for the 
2-inertia model so that the error is great. As shoWn in FIG. 
9, hoWever, the error is small in the Equation (1) for the rigid 
body model. Therefore, a decision of the rigid body model 
can be made. 
When the decision of the model is completed, the result 

can be output to the output device 21 connected to the 
calculating device 1 and can be utiliZed for a simulation and 
the regulation of the electric motor control apparatus. 

Accordingly, the ?rst embodiment is characteriZed by the 
electric motor control apparatus comprising the electric 
motor 4 for driving a load machine, the rotation detector 3 
for detecting the rotating angle of the electric motor 4, and 
the servo control device 2 for controlling the electric motor 
4, comprising the calculating device 1 for outputting the 
operation command signal 8 for operating the electric motor 
4 to the servo control device 2, and the frequency charac 
teristic equations 20 of the rigid body model and the 
2-inertia model Which are previously input to the calculating 
device 1. Moreover, the calculating device-1 includes the 
frequency characteristic measuring section 1A for measur 
ing the frequency characteristic of the load machine from the 
operation command signal 8 and the signal 9 of the rotation 
detector 3 input from the servo control device 2 to the 
calculating device 1, the frequency characteristic peak 
detecting section 1B for automatically calculating protruded 
shapes to be a resonance frequency and an anti-resonance 
frequency from a shape of the frequency characteristic 
measured by the frequency characteristic measuring section 
1A, the attenuation estimation value analyZing section 1C 
for estimating an attenuation from the resonance frequency 
and the anti-resonance frequency Which are detected by the 
frequency characteristic peak detecting section 1B, the fre 
quency characteristic error calculating section 1D for cal 
culating errors of the frequency characteristics calculated in 
the frequency characteristic equation 20 for the 2-inertia 
model and the frequency characteristic equation 20 for the 
rigid body model from the frequency characteristic obtained 
by the measurement respectively, and the machine model 
deciding section 1E for comparing a minimum error of a 
calculated value of the frequency characteristic of the 
2-inertia model Which is obtained in the frequency charac 
teristic error calculating section 1D and a measured value 
With a minimum error of a calculated value of the frequency 
characteristic of the rigid body model and a measured value 
and deciding, as an actual model, either of the models Which 
has a smaller error. Furthermore, the frequency characteris 
tic error calculating section 1D carries out curve ?tting of the 
frequency characteristic obtained from the operation com 
mand signal 8 and the signal 9 of the rotation detector 3 to 
the frequency characteristic equation 20, thereby calculating 
an error of the calculated value of the frequency character 
istic and the measured value. Consequently, it is possible to 
provide a machine model estimating device of an electric 
motor control apparatus Which can faithfully estimate a 
machine model to be easily utiliZed for a simulation and a 
servo regulation by automatically reading an anti-resonance 
frequency, a resonance frequency and an attenuation from a 
frequency characteristic measured value Without using an 
expensive measuring apparatus even if an operator has 
neither advanced expertise nor experiences, and 
furthermore, is inexpensive. 
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10 
[Second Embodiment] 
A second embodiment of the invention Will be described 

With reference to the draWings. 
FIG. 14 is a vieW shoWing the Whole structure of an 

electric motor control apparatus comprising a machine 
model estimating device according to the second embodi 
ment of the invention. 

In the draWing, 15 denotes a vibration detector for detect 
ing the operation state of a load machine as a vibration 
displacement or a vibration acceleration, and 16 denotes a 
vibration detector signal of the load machine. 

The second embodiment uses the vibration detector 15 in 
the load machine in place of the rotation detector described 
in the ?rst embodiment, and can be executed in the same 
manner as the ?rst embodiment. 

A frequency characteristic Hr from an operation com 
mand signal 8 of a rigid body model to the detector 15 is 
equal to that of the Equation Moreover, a frequency 
characteristic H‘F from the operation command signal 8 of a 
2-inertia model to the vibration detector 15 of a load side 
load 13 is obtained from Equation 

.1411). 5 J1 J2 5 J1 J2 

Equation (5) 7 Hf 

Thus, the second embodiment is executed by using the 
vibration detector 15 in the load machine in place of the 
rotation detector according to the ?rst embodiment. In the 
same manner as in the ?rst embodiment, consequently, a 
peak on the mountain side of the measured frequency 
characteristic is estimated, an attenuation is estimated, a load 
inertia is estimated, a resonance is temporarily determined, 
and the resonance is compared With the frequency charac 
teristic of the model With a change and a resonance having 
a small error is obtained, and furthermore, the frequency 
characteristics of the rigid body model and the 2-inertia 
model are compared With each other, the model having a 
smaller error is distinguished, and the measured frequency 
characteristic is subjected to curve ?tting. Thus, modeling 
can be faithfully executed. 

While the tWo machine models, that is, the rigid body 
model and the 2-inertia model are used in the embodiment, 
another model such as a 3-inertia model may be used or the 
type of the model to be distinguished may be increased. 

While only the model and the error of the measured 
frequency characteristic are set to be evaluation criteria in 
the embodiment, moreover, the value of the gain of a 
resonance frequency, the Widths of the gains of an anti 
resonance frequency and the resonance frequency, and a 
frequency may be added to the evaluation criteria. 

INDUSTRIAL APPLICABILITY 

As described above, the machine model estimating device 
of the electric motor control apparatus according to the 
invention is useful for the servo regulation of an electric 
motor control apparatus to be used in a semiconductor 
manufacturing apparatus, a positioning apparatus such as a 
machine tool or an industrial robot, for example. 
What is claimed is: 
1. Amachine model estimating device of an electric motor 

control apparatus comprising an electric motor for driving a 
load machine, a rotation detector for detecting a rotating 
angle of the electric motor, and a servo control device for 
controlling the electric motor, comprising 

a calculating device for outputting an operation command 
signal for operating the electric motor to the servo 
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control device, and frequency characteristic equations 
for a rigid body model and an N-inertia model, N being 
an integer Which is equal to or greater than 2 Which are 
previously input to the calculating device, 

Wherein the calculating device includes a frequency char 
acteristic measuring section for measuring a frequency 
characteristic from the operation command signal and 
a signal of the rotation detector input from the servo 
control device to the calculating device, a frequency 
characteristic peak detecting section for automatically 
calculating protruded shapes to be a resonance fre 
quency and an anti-resonance frequency from a shape 
of the frequency characteristic measured by the fre 
quency characteristic measuring section, an attenuation 
estimation value analyZing section for estimating an 
attenuation from the resonance frequency and the anti 
resonance frequency Which are detected by the fre 
quency characteristic peak detecting section, a fre 
quency characteristic error calculating section for 
calculating errors of the frequency characteristics cal 
culated in the frequency characteristic equation for the 
N-inertia model and the frequency characteristic equa 
tion for the rigid body model from the frequency 
characteristic obtained by the measurement 
respectively, and a machine model deciding section for 
comparing a minimum error of a calculated value of the 
frequency characteristic of the N-inertia model Which is 
obtained in the frequency characteristic error calculat 
ing section and a measured value With a minimum error 
of a calculated value of the frequency characteristic of 
the rigid body model and a measured value and 
deciding, as an actual model, either of the models 
Which has a smaller error. 

2. The machine model estimating device of an electric 
motor control apparatus according to claim 1, Wherein the 
frequency characteristic error calculating section carries out 
curve ?tting of the frequency characteristic obtained from 
the operation command signal and the signal of the rotation 
detector to the frequency characteristic equation, thereby 
calculating an error of the calculated value of the frequency 
characteristic and the measured value. 

3. Amachine model estimating device of an electric motor 
control apparatus comprising an electric motor for driving a 
load machine, a vibration detector for detecting a vibration 
of the load machine, and a servo control device for control 
ling the electric motor, comprising 
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a calculating device for outputting an operation command 

signal for operating the electric motor to the servo 
control device, and frequency characteristic equations 
of a rigid body model and an N-inertia model N being 
an integer Which is equal to or greater than 2 Which are 
previously input to the calculating device, 

Wherein the calculating device includes a frequency char 
acteristic measuring section for measuring a frequency 
characteristic from the operation command signal and 
a signal of the vibration detector input from the servo 
control device to the calculating device, a frequency 
characteristic peak detecting section for automatically 
calculating protruded shapes to be a resonance fre 
quency and an anti-resonance frequency from a shape 
of the frequency characteristic measured by the fre 
quency characteristic measuring section, an attenuation 
estimation value analyZing section for estimating an 
attenuation from the resonance frequency and the anti 
resonance frequency Which are detected by the fre 
quency characteristic peak detecting section, a fre 
quency characteristic error calculating section for 
calculating errors of the frequency characteristics cal 
culated in the frequency characteristic equation for the 
N-inertia model and the frequency characteristic equa 
tion for the rigid body model from the frequency 
characteristic obtained by the measurement 
respectively, and a machine model deciding section for 
comparing a minimum error of a calculated value of the 
frequency characteristic of the N-inertia model Which is 
obtained in the frequency characteristic error calculat 
ing section and a measured value With a minimum error 
of a calculated value of the frequency characteristic of 
the rigid body model and a measured value and 
deciding, as an actual model, either of the models 
Which has a smaller error. 

4. The machine model estimating device of an electric 
motor control apparatus according to claim 3, Wherein the 
frequency characteristic error calculating section carries out 
curve ?tting of the frequency characteristic obtained from 
the operation command signal and the signal of the vibration 
detector to the frequency characteristic equation, thereby 
calculating an error of the calculated value of the frequency 
characteristic and the measured value. 


